
REPORT DOCUMENTATION PAGE 
Form Approved 

0MB NO. 0104-0166 
Jtlff public report/tig burden tor this collection of information is maummt+d to •v«r«g« » f<ou. pw, ,.lf>gn», frivuvmy m. 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of 
miormaiion. including suggestions for reducing the burden, to the Department of Defense, Executive Services and Communications Directorate (0704 018B) Respondents 
Thai notwithstanding any other provision ot law. no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a cur 
control number 

PLEASE DO NOT RETURN YOUR   FORM TO THE ABOVE ORGANIZATION. 

this collection of 
Should be aware 
rentlv valid OMB 

REPORT DATE (DD-MM-YYYY) 
14-04-201 I 

2.   REPORT TYPE 

Conference Proceeding 
3.   DATES COVERED (From     To) 

4.   TITLE AND SUBTITLE 

Spectral and Spatial Analysis of the Gulf of Mexico Oil Spill Using Satellite 
and In Situ Data 

5a.   CONTRACT NUMBER 

5b.   GRANT NUMBER 

5c.   PROGRAM ELEMENT NUMBER 

0602435N 

6.   AUTHOR(S) 

Mark David Lewis. Richard Gould, Sherwin Ladner, Sonia Gallegos. Jason 
Jolliff, F.llen Bennert, Rong Rong Li 

5d.   PROJECT NUMBER 

5e.   TASK NUMBER 

5f.   WORK UNIT NUMBER 

73-6287-A0-5 

7.   PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Naval Research Laboratory 
Oceanography Division 
Stennis Space Center, MS 39529-5004 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

NRL/PP/7330-I0-04I 

9.   SPONSORING/MONITORING AGENCY NAMEIS) AND ADDRESS(ES) 

Office of Naval Research 
800 N. Quincy St. 
Arlington, VA 22217-5660 

10. SPONSOR/MONITORS ACRONYMISI 

ONR 

11. SPONSOR/MONITORS REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 

Approved for public release, distribution is unlimited. 

13. SUPPLEMENTARY NOTES 

14 ABSTRACT 

The explosion of the Deepwater Horizon oil rig on April 20. 2010 resulted in what is now considered lo be the largest oil spill m US history Oil from the spill has reached the Louisiana marshes and will 

coniinje to impact the environment Addressing the extent and impact of the oil spill will be a focus for several years The ability to detect identify, and map oil in the Guff of Mexico using in situ and 

remote sensing assets is presented The Hyperspectrai Imager for Coastal Ocean (HICO) is a hyperspectral sensor built by the Naval Research Laboratory (NRL) and currently operating on the 

international Space Station (ISS) NRL is also responsible for the mission planning, targeting, and data processing in addition to HICO scenes of the oil spill imagery from the MODeraie Resolution 

Imaging Spectroradiometer (MODIS) and the Medium Resolution Imaging Spectrometer (MERIS) have been collected and processed Spectra from oil contaminated water and trom uncontammated 

water were identified and the ability to separate these spectra was investigated In addition, in situ data was collected and matched with the satellite data Results from analyses of these data sets are 

presented 

15. SUBJECT TERMS 

Deepwater I lorizon, II1CO, MODIS, remote sensing 

16   SECURITY CLASSIFICATION OF: 

a.   REPORT 

Unclassified 

b   ABSTRACT 

Unclassified 

c. THIS PAGE 

Unclassified 

17. LIMITATION OF 
ABSTRACT 

UL 

18. NUMBER 
OF 
PAGES 

9 

19a. NAME OF RESPONSIBLE PERSON 
Mark David Lewis 

19b. TELEPHONE NUMBER  {Include area      . «. 

228-688-5280 

Standard Form 298 (Rev   8 98) 
Prescribed by ANSI Std   Z39 18 



PUBLICATION OR PRESENTATION RELEASE REQUEST Pubkey:    6948 NRLINST 5600.2 

1. REFERENCES AND ENCLOSURES    \   2. TYPE OF PUBLICATION OR PRESENTATION ! 3. ADMINISTRATIVE INFORMATION 

(    ) Abstract only, published 
Ref: (a) NRL Instruction 5600.2 

(b) NRL Instruction 5510.40D 
(     ) 
(     ) 

End: (1) Two copies of subject paper     ( 
(or abstract)       ( 

( 
( 

Book 
Conference Proceedings 
(refereed) 

) Invited speaker 
) Journal article (refereed) 
) Oral Presentation, published   ( 
) Other, explain 

(    ) Abstract only, not published 
(     ) Book chapter 
( X ) Conference Proceedings 

(not refereed) 
(     ) Multimedia report 
(     ) Journal article (not refereed) 

Oral Presentation, not published 

STRN   NRUPP/7330-10-411 
Route Sheet No. 7330/ 
Job Order No.    73-6287-A0-5 
Classification X       (J 
Sponsor      ONR 

approval obtained yes 

4. AUTHOR 

Title of Paper or Presentation 
Spectral and Spatial Analysis of the Gulf of Mexico Oil Spill Using Satellite and In Situ Data 

Author(s) Name(s) (First.MI.Last), Code. Affiliation if not NRL 

Mark David Lewis,  Richard W. Gould,   Sherwin D. Ladner,   Sonia C. Gallegos,   Jason K Jolliff,   Ellen Bennert,   Rong- Rong Li 

It is intended to offer this paper to the     Ocean Optics 2010 Conference 
(Name of Conference) 

27-SEP- 01-OCT-10, Anchorage, Alaska, Unclassified 
(Date, Place and Classification of Conference) 

and/or for publication in     Ocean Optics 2010 Conference, Unclassified 
(Name and Classification of Publication) (Name of Publisher) 

After presentation or publication, pertinent publication/presentation data will be entered in the publications data base, in accordance 
with reference (a). 
It is the opinion of the author that the subject paper (is ) (is not x) classified, in accordance with reference (b). 
This paper does not violate any disclosure of trade secrets or suggestions of outside individuals or concerns which have been 
communicated to the Laboratory in confidence. This paper (does ) (does not X) contain any militarily critical technology. 
This subject paper (has ) (has never   X    ) been incorporated in an official NRL Report. 

Mark David Lewis, 7331 y^Ct...i*fi_   .^Ty«-<-'~t--tt-^J*u:   !_—<^, 
(Signature) Name and Code (Principal Author) 

5. ROUTING/APPROVAL 

CODE SIGNATURE DATE COMMENTS 

Author(s) 

L-€u/'i5 >-t-"~C4 g/?//o 
Need by ^5 /1' ^L 

to 

Publicly accessible sources used for this publication 

Section Head 
God 4 

Branch Head 
Robert A Arnone, 7330 

Division Head 

Ruth H. Preller, 7300 

Security, Code 
1226 

Office of Counsel,Code 
1008.3 

ADOR/Director NCST 
E. R. Franchi, 7000 

Public Affairs (Unclassified/ 
Unlimited Only), Code   7Q3o 4 

Division. Code 

Author, Code 

(L^^jA 

>-.- V 

0 \°i I (o 

8rjio/p 

to A? a L - 33 & o 

1. Release of this paper is approved. 
2. To the best knowledge of this Division, the 
subject matter ol this paper (has ) 
(has never     x   ) been classified. 

1. Paper or abstract was released 
2. A copy is filed in this office. 

%-tx£L-n Chu|V\v ^Ni o 

fr&'tG 

HQ-NRL 5511/6 (Rev. 12-98) (e) THIS FORM CANCELS AND SUPERSEDES ALL PREVIOUS VERSIONS 



PUBLICATION OR PRESENTATION RELEASE REQUEST 

Rot. (a| NHL instruction 5600.2 
(b) NRL Inslrustlon 551C.40D 

End: (1) Two copies of subject paper 
(or abstract) 

(    ) Abstract only, published 
(    JBook 
(     ) Conference Proceedings 

(refereod) 

(    ) Invited speaker 
(     ) Journal article (reforeed) 

(    ) Abstract only, not published 
) Book chapter 

( X ) Conference Proceedings 
(not refereed) 

(     1 Multimedia report 
(     ) Journal article (not refereod) /»--»»•••' — •—- — —(•—•—- — — — ^ ^ J  LSWUI IIUI  uinyy   \IIVL   ILIW uuu ; 

) Oral Presentation, published   [    ) Oral Presentation, not published 
(    ) Other, explain 

3TRN.^RUPP/7i330-10-«tl 

Route Sheet No,7330/  

Job Order No.    73-0287-A0- 5 
Classification x      u 
Sponsor    _ONR     /,,   ^ 

approval obtained I 
-e- 

Title of Paper or Presentation 
Spectral and Spatial Analysis of the Gulf of Mexico OH Spill Lklny Satellite and In Situ Data 

Author(s) Name(s) {Hrst.W.Lest), Code, Affiliation if not NRL 

Murk David Lewis,  Richard W. Gouldt  Sherwln 0, Ladner,   Sonla C. Gallogos,  Jason K Jolllfl,   Ellen Bonnort,   Rong- Rons LI 

It is intended to offer this paper to the     Ocean Optics 2010 Conference 
(Nome of Conference) 

27- SEP - 01- OCT-10, Anchorage, Alaska, Unclassified 
(Dale, Piece and C/sss/fcat/on of Conference) 

and/or for publication in    Ocean Optics 2010 Conference. Unclassified 
(Name end Classification of Publication) (Nome of Publishnr) 

After presentation or publication, pertinent publication/presentation data will bo entered in the publications data base, in accord;>nco 
with reference (a), 
It is the opinion of the author that the subject paper (is ) (Is not *) classified, in accordance with reference (b). 
This paper does nol violate any disclosure of trade secrets or suggestions of outside individuals or concerns which have been 
communicated to the Laboratory in confidence. This paper (does 
This subject paper (has ) (has never   X,    ) been incorporated in an official NRL Report. 

,) (does not X) contain any militarily critical teihnolorjy 

Mark David Lewie, 7331 
Name and Code (Principal Author) 

-^L^L^^L^M^ 
(Signature) 

-a- 

Author(a) io'(a) j t 

    Lr£Wl5 ^C^o^^^niZ^- <Ae>^ 

"Section Hesd" 

"Branch Head 
Robert A Arnonc, 7330 

G'Ot'l^ \L\J^J^(>X^ ck J\°l j jo 
jjfyEL 

/C-/3Z.L- Q3^ryf 
atsf-S*^    4/iOrovo./ 

'^r^ut^hA^H' 

Mfo 
Division Head 

Ruth H. Prcllcr, 7300 

'Secuii fy7c6oe 
1226 

"Olfice ofCounsel.CoSe* 
10Q8.3 

K)\o W 

1. Release of this paper lls approved. 
2. To the best knowlodgo oi this Division, thfl 
subject matter of thl* paiiar (has ) 
(hes never     x   ) been classified. 

AOOH/Direclor NCST 
E R. Franchi, 7000 

Public Affairs (Unclassified/ 
Unllmllud Only). Code   7030 4 

Division, Code 

Author. Code 

y//o/n 
1, Paper or abstract waa Jpteaaod. 
2. A copy Is filed In this orflca. 

C-Ka^xO/^ „ •pi^hp 

S-J3-/0 

This is a Final,becLfTy^Tmc^ 
Any changes made irihe ctocumer.1 
after approved Dy 1 

nullify tha^Su^R.fv.ew,!:^ 

HQ-NRL 5511/S IROV. 12-98) (0) THIS FORM CANCELS AND SUPERSEDES ALL PREVIOUS VERSIONS 



*m 1 

Spectral and Spatial Analysis of the Gulf of Mexico Oil Snill 
using Satellite and In Situ Data 

M. David Lewis-, Richard W. Gould, Jr. , Shcrwin Ladncr1, Sonia Gallcgos1, Jason Joliff', Ellen 
Benncrt", Rong-Rong Li 

'Code 7331, Naval Research Laboratory, Stcnnis Space Center, MS, USA 39529 
2Code 7231, Naval Research Laboratory, 4555 Overlook Avc. SW, Washington, DC 20375 
3Codc 7232, Naval Research Laboratory, 4555 Overlook Avc. SW, Washington, DC 20375 

ABSTRACT 

The explosion of the Deepwater Horizon oil rig on April 20, 2010 resulted in what is now considered 
to be the largest oil spill in US history. Oil from the spill has reached the Louisiana marshes and will 
continue to impact the environment. Addressing the extent and impact of the oil spill will be a focus of 
study for several years. Investigations into spectral characteristics of the oil provided by satellite- 
based sensors are presented. Imagery from the MODcratc Resolution Imaging Spectroradiomctcr 
(MOD1S) and Hypcrspectral Imager for Coastal Ocean (HICO) have been collected and processed. 
MODIS provides daily remotely sensed multispcctral data of the Gulf of Mexico. HICO is a 
hypcrspectral sensor built by the Naval Research Laboratory (NRL) and currently operating on the 
International Space Station (ISS). NRL is also responsible for the mission planning, targeting, and 
data processing for HICO data.   Spectra from oil contaminated water and from uncontaminatcd water 
is inspected and the ability to identify features based on these spectra is investigated. 

INTRODUCTION 

As of early August, 2010 it is estimated that roughly 200 million gallons of oil has spilled into the Gulf 
of Mexico from the ruptured pipes of the Deepwater Horizon oil rig. (NOLA Website) Remote 
sensing data sets may provide a means to monitor the status of the oil in the Gulf of Mexico. Remote 
sensors on satellite platforms used in this investigation provided data products for evaluation of the 
ocean. They include the MODcratc resolution Imaging Spcctroradiometcr (MODIS) and the 
Hypcrspectral Imager for the Coastal Oceans (HICO). 

REMOTE SENSING SOURCES 

Moderate Resolution Imaging Spectroradiometer (MODIS) 

The Moderate Resoultion Imaging Spcctroradiometcr (MODIS) sensor has been providing remotely 
sensed data over land terrain and oceans for several years. A MODIS sensor exists on both the Terra 
(EOS AM) and Aqua (EOS PM) NASA satellites. Terra was launched in late 1999 and Aqua was 
launched in 2002. They are both in a sun-synchronous orbit. However, Terra crosses the equator 
traveling from north to south in the morning, while Aqua crosses the equator traveling from south to 
north in the afternoon. The primary ocean color wavelengths arc 412, 443, 488, 531, 547, 667, 678, 
748 and 869 nmeter bands. (MODIS Website) 

20110421130 



Hyperspectral Imagerfor the Coastal Ocean (H1C0) 

The Hyperspectral Imager for the Coastal Ocean (HICO) was installed on the International Space 
Station (ISS) in September of 2009. It is designed to provide hyperspectral imagery for the study of 
the coastal ocean and adjacent land. Although the HICO sensor collects 128 contiguous spectral 
channels of solar reflectance in the 350 to 1070 nmctcr range, its most sensitive spectral wavelength 
range is from 400 to 900 nmctcrs. Each HICO scene is roughly 50 kmctcrs in width by 200 kmcters in 
length. The HICO data flow from the ISS provides a maximum of 15 scenes per day. Standardized 
data processing is required to create timely HICO data products. HICO is managed by the Naval 
Research Laboratory (NRL). 

After HICO data is downlinked to ground stations, NRL processes the data through a scries of 
transformations. One data processing path performs atmospheric correction (Sicgel, ct al.) and data 
product generation on the full hyperspectral data set. Another data processing path convolves the data 
over the MODIS band wavelengths to provide data products at 100 meter ground sample distance that 
can be compared directly with MODIS data products. After atmospheric correction is performed, both 
processing paths create standard products such as normalized water leaving radiances and remote 
sensing reflectances from the data set. 

DATA COLLECTION 

Moderate Resolution Imaging Spectroradiometer (MODIS) 

MODIS data can be downloaded from the Level 1 and Atmosphere Archive and Distribution System 
(LAADS) website (ladswcb.nascom.nasa.gov/data/search.html). The LAADS website allows the user 
to specify the sensor type, data type, date/time, and geographic location of desired MODIS Level I 
data products. MODIS Level 1B data products for several dates were downloaded and inspected. The 
area around the Dcepwater Horizon location for many scenes was covered cither partially or 
completely by clouds. However, there were some scenes that were relatively cloud-free across the 
area. 

The relatively cloud-free MODIS scenes with noticeable oil features are also the scenes that experience 
sun glint through the region of the oil spill. Since the sun glint reflects differently from 
uncontaminated water and water mixed with oil, it was possible to visually identify the location of the 
oil in these images.  Unfortunately, the sun glint also confounds the ability to extract data products 
such as water leaving radiances and remote sensing reflectance from the data set. 

The area of the oil spill in the 05/28/10 MODIS scene was near but just outside the sun glint region. 
This allowed for it to both visually reveal the extent of the oil spill while at the same time provide data 
that could be processed to produce remote sensing reflectance. In addition, a HICO scene for this 
same day was acquired. The MODIS scene for 05/28/10 was processed to remotely sensed reflectance 
in preparation for comparison with data acquired from the HICO sensor. 

Hyperspectral Imager for the Coastal Ocean (HICO) 

Before HICO was launched, NRL assembled a "target deck" of desired ocean targets scenes which has 
been updated over time. After the explosion of Dcepwater Horizon a variety of targets were created 
around the explosion site and the nearby marshlands of Louisiana and Mississippi. HICO data 



collection began on May 6, 2010. Due to the orbit of the ISS. tareets around the noonwntor i-w;•„ 
explosion site and nearby coastal environments arc not always in the H1CO field of view. Although 
there arc times that the ISS orbit takes the HICO sensor out of view of the region for several days, in 
general the explosion site or nearby coastal regions can be imaged by HICO about every 2 days. ()n 
the days that the region can be imaged, usually there is only one orbit that brings the sensor close 
enough for data collection. In addition, on the days that the area can be imaged, often cloud coverage 
prevents a clear view of the coastal region. 

Although there are several factors that might prevent a HICO scene from being acquired on an ISS 
orbit, in general one of the target scenes is selected for each ISS orbit. To perform this selection for 
each ISS orbit, a list of potential target scenes is created by using the ISS cphemeris data and solar 
positions to determine what target scenes will be visible during the ISS orbit. The scene selected for 
acquisition on any given orbit is often but not always the scene from the potential scene list with the 
smallest sensor zenith angle. If a target scene with a larger sensor zenith angle is more desirable, for 
example, due to the need to create an extended time scries database of a given area or to collect data 
coincident with in situ data collection mission, then the target scene with higher sensor zenith angle 
will be selected as the target scene to be acquired for that particular ISS orbit. Commands arc sent 
through NASA to the ISS and the HICO sensor to schedule the selected target scenes for acquisition. 

The initial collection of HICO target scenes for investigating the oil spill included areas around the 
Decpwater Horizon explosion site. Additional tiles were added to cover marshlands and barrier islands 
in southern Louisiana and Mississippi. Targets were selected for acquisition based not only on the 
sensor zenith angle for each target scene, but also on the collection frequency of previously acquired 
targets.   Figure 1 shows the ascending and descending HICO Oil Spill tiles targets.  In some cases the 
locations were adjusted slightly and the label updated to provide a more descriptive name than simply 
a sequential number. 

Figure I.Oil Spill Targets for Ascending and Descending HICO Passes 

A subjective visual evaluation of the cloud conditions/quality for each image date was performed. The 
top 10 image scenes shown in the Table 1 were sorted according to this subjective evaluation. The 
date, time and tile label for each of these HICO scenes arc listed in the table. 



Table 1.  HICO Image of 2010 GttIf*fM*xi<*> OX Spill 
(Data Coverage Quality is a subjective evaluation of data quality and oil in image) 

Date Local 
Time 

Tile Conditions Data Coverage Quality 

1 05/28/10 8:21:30 New_4Ascending Light Clouds 9 

2 06/07/10 12:31:11 2Descending Light Clouds 8 

3 06/13/10 10:26:28 HornCatShip Islands Cumulus Clouds 8 

4 07/08/10 15:41:36 New_5Ascending Light Clouds 8 

5 05/24/10 9:55:10 New_4Ascending Light Clouds 7 

6 06/11/10 10:08:04 HornCatShip Islands Cumulus Clouds 7 

7 05/12/10 14:30:25 lAscending Clouds 6 

8 05/26/10 9:08:47 New_4Ascending Significant Clouds 5 

9 06/20/10 7:12:55 IDescending Various Clouds 5 

10 07/10/10 14:59:02 NewSAscending Saturated Cumulus Clouds 5 

The geographical position of the HICO tiles for ten of these dates is shown in Figure 2. This provides 
a visual reference for the size of the HICO scene and also depicts the type of coverage over the oil 
features near the Decpwater Horizon site that is available by a collection of HICO scenes. As 
previously mentioned, an Aqua MODIS scene collected on 05/28/10 was also relatively free of cloud 
cover. Data products were generated from both the 05/28/10 HICO and MODIS scenes for 
comparison. 

Figure 2.   Ten HICO scenes overlaid on Google Earth background (geolocation is approximate) 



ANALYSIS 

The 05/28/10 MODIS scene was processed for remote sensing reflectances (Rrs). A subset of the 
MODIS true-color image is shown in Figure 3a. The image is shown again in Figure 3b with a region 
of interest over uncontaminated water location highlighted in green and also a region of interest 
location with a mixture of oil and water highlighted in red. 

H* 

Figure 3. a) MODIS 05/28/10 true eolor scene, b) water, and oil/ water regions 
in green and red respectively 

Remote sensing reflectance values were drawn from the areas designated in green region of interest for 
the uncontaminated water spectra and areas designated in red region of interest for the mixed oil water 
spectra. The graph of the MODIS remote sensing reflectance spectra for these two types of areas are 
shown in Figure 4. The graph shows the mixed water/oil spectra initially lower than the 
uncontaminated water, but then intersecting and crossing the uncontaminated water spectra around the 
525 nmeter wavelength. 

-1 :. . 

•f.'CO 

Figure 4.  MODIS remote sensing reflectance for uncontaminated water and mixed oil/water 
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The spatial resolution of MODIS is 1 kmcter. This results in the oil features to be mixed significantly 
with phytoplankton and other minerals in the water within the cell size of one MODIS pixel. The 
spatial resolution of HICO is 100 meters, which lends itself to more detailed spatial discrimination of 
the data. Although each HICO data set shown in Table 1 was processed, some scenes were obscured 
by cloud cover and not all the scenes contained clearly disccrnable oil phenomenon. 

Figure 5a shows a subset of the 05/28/10 scene containing the oil phenomenon. A mask was created to 
cut out the clouds that were adjacent to the areas of water and mixture of oil and water. The area 
covered in Figure 5 is located between the Deepwater Horizon explosion site and the mouth of the 
Mississippi River.    Fingers of emulsified oil can be see extending horizontally across the image. 
Smaller localized concentrations of emulsified oil can also be seen in the center of the image. Figure 
5b shows the same image with the regions of interest created over the uncontaminated water depicted 
in green, the regions of interest created over oil and water mixture locations depicted in orange, and the 
regions of interest created over the emulsified oil locations depicted in red. 

Figure 5.  a) HICO 05/28/10 true color scene, b) water, oil, and emulsified oil regions in green, 
yellow and red respectively 

The HICO data was processed to remote sensing reflectance. The mean of the remote sensing 
reflectance spectra drawn from the water, oil/water and emulsified oil regions of interest were 
computed and are shown in Figure 6. The spectra for the water feature is higher than the spectra from 
the oil features through the visible bands with the greatest difference being in the 443 nmctcr band. 
Then it intersects the spectra for the emulsified oil feature near the 500 nmctcr wavelength and also 
intersects the spectra for the oil/water mixture feature near the 525 nmctcr wavelength. 



0.020 

Ront^ro Suiiodiy  rccrfectailC© 

0,oi' V 
V 

0 0 ; "• 

,,. 

-111C 0  IVJU-I 

-HIC0 Oil 

men rii,iii-,ii„-(i o 

J00    450    500    550    600    G50    700    750    300    350    300    nmplei     WrfVflcn 

Figure 6.  HI CO remote sensing reflectance for uncontaminated water and mixed oil/water 

For comparison, the HICO and MODIS spectra were graphed together in Figure 7. The amplitude of 
the HICO spectra is larger than the amplitude of the MODIS spectra, which could be related to sensor 
zenith angle and acquisition time of the day differences. The similarities in the shape show the 
respective spectra of the oil/water mixture starting lower than the uncontaminated water spectra and 
intersecting the uncontaminated water spectra near the 525 nmeter wavelength. 
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Figure 7.  HICO/MODIS remote sensing reflectance spectra water and oil/water mixtures 



The H1CO sensor's remote sensing reflectance spectra drawn from the water, water/oil. and emulsified 
oil regions of interest were used to provide statistics for training classes for classification.  Maximum 
Likelihood, Mahalanobis. Minimum Distance to the Mean, and Spectral Angle Mapper (SAM) 
classifiers were used to create classified images. The results from the Maximum Likelihood and SAM 
classifiers did not delineate the features well. However, the results from the Mahalanobis and 
Minimum Distance to the Mean did produce interesting results. 

The results of the classifications along with the corresponding true-color composite image are shown 
in Figure 8. The green region depicts the areas where the classifier identified the pixel as 
uncontaminatcd water. The orange region depicts the areas where the classifier identified the pixel as a 
mixture of oil and water. The red region depicts the areas where the classifier identified the pixel as 
emulsified oil. 

Unfortunately definitive ground truth for the areas acquired in the HICO data set are not available for 
this study. However, a loose mapping shows the area at the upper left of the true-color image to be 
uncontaminatcd water. Most of the central part of the image is mixture of oil and water. The strands 
of emulsified oil can be seen stretching across the middle of the image with a few strands visible on the 
top and bottom of the image. The results of the Minimum Distance to the Mean and the Mahalanobis 
classifiers identify the locations of the features of the uncontaminatcd water and oil/water mixture as 
classes shown in green and orange respectively. These classifiers also identified strands of emulsified 
oil as a class shown in red. These class features correlate visually with the uncontaminatcd water, 
oil/water mixture and emulsified oil features in the true-color image. 

Figure 8. a) Minimum Distance to the Mean Classification, b) Mahalanobis Classification, 
c) True-Color Image 

CONCLUSIONS 

Remote sensed data may prove to be a useful tool in identifying oil spilled into water from ruptured oil 
pipes. MODIS data shows spectra taken over uncontaminatcd water to be initially higher in the visible 



wavelengths than spectra taken over a mixture of wator and nil from the rw.pw.nror Horl^n ^;i an;n 
The water spectra intersects the mixed oil/water spectra near the 525 nmeter range and then is lower 
through the infrared region of the spectra. Similar spectra is demonstrated in the remote sensing 
reflectance drawn from the HICO data.   The spatial resolution of the HICO sensor allows for more 
features of the mixed oil/water spectra to be investigated. The spectra from the HICO sensor was used 
for classification of the uncontaminated water and the water mixed with oil. Additional work that can 
be performed includes inspecting multiple dates of imagery. Also, data from other remotely sensed 
platforms can provide a more robust dataset for comparison. 
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